Objective: Vasomotor symptoms (VMS) may be a marker of cardiovascular risk. We aimed to evaluate the crosssectional association of VMS presence and severity with hemostatic parameter levels measured at baseline among Women's Health Initiative (WHI) Hormone Therapy trial postmenopausal participants.
cardiovascular event risk. 6 Given the high prevalence of VMS, it has also been suggested that VMS characteristics with greater interindividual variability, such as VMS severity, timing, and duration, may provide information helpful in cardiovascular risk stratification. 6 The etiology of VMS is incompletely understood, but low endogenous estradiol and high follicle-stimulating hormone levels are associated with VMS presence and greater VMS frequency and severity. 7, 8 These hormonal patterns are also associated with mostly prothrombotic changes in hemostatic parameters among midlife women. 9, 10 This suggests that VMS may plausibly be a marker of clinically unmeasured endogenous hormonal changes associated with thrombotic risk. In addition, frequent hot flashes have been associated with some hemostatic parameter levels among preand perimenopausal women, including higher factor VIIc (FVIIc) and tissue plasminogen activator antigen (tPA-ag) levels. 4 Notably, the association of VMS with most hemostatic parameters among postmenopausal women has not been evaluated.
In a cross-sectional analysis among postmenopausal women not currently using hormone therapy (HT), we tested the hypothesis that VMS presence and severity at baseline in the Women's Health Initiative Hormone Therapy (WHI-HT) trials would be associated with higher levels of hemostatic activation markers and procoagulant and antifibrinolytic parameters, and lower levels of anticoagulant hemostatic parameters. In secondary analyses, we hypothesized that longer VMS duration and postmenopause status at VMS onset, after the hormonal fluctuations that occur during the menopausal transition, would be positively associated with higher levels of markers of ongoing coagulation and procoagulant and antifibrinolytic proteins, and lower levels of anticoagulant proteins.
METHODS

Setting and design
The data for this cross-sectional study are from a nested case-control study of cardiovascular biomarkers in relation to cardiovascular disease (CVD), set within the WHI-HT trials. The WHI-HT trials enrolled 27,347 postmenopausal women aged 50 to 79 years from areas surrounding 40 clinical centers from 1993 to 1998, as previously described. [11] [12] [13] [14] The WHI-HT trials were approved by the human subjects review committee at each participating institution and all participants provided written informed consent.
Nested case-control study participants
Women eligible for this study were participants in the CVD Biomarker Case-Control Studies, which included centrally adjudicated cases of coronary heart disease (CHD), defined as myocardial infarction (MI) or coronary death (n ¼ 402), venous thrombosis (VT) (n ¼ 223) occurring between randomization and February 28, 2001 , and all centrally adjudicated cases of stroke occurring between randomization and September 12, 2005 (n ¼ 573). Some participants experienced multiple case event types. One control with no MI, VT, or stroke was selected for each case event, with controls selected at the time of the case's event and matched on age, randomization date, hysterectomy status, and prevalent CVD at baseline (n ¼ 1,170).
Excluded were women for whom hemostatic parameter assays of interest were not completed (n ¼ 14), with unknown VMS presence and severity at baseline (n ¼ 20), and who had not completed a full 3-month HT washout before the date of blood sample collection or the date of VMS report (n ¼ 140) (eligible n ¼ 2,148). No eligible participants used warfarin at baseline. Data analyzed in this cross-sectional study were collected at baseline, which collectively encompassed an initial telephone screening eligibility interview and three in-person study screening visits; this baseline screening period was before the WHI-HT trial randomization of women to treatment or placebo.
VMS
Using standardized study forms at the second clinical trial screening visit, women were asked whether hot flashes and night sweats had occurred in the past 4 weeks and whether they were mild, moderate, or severe. Eligible women who were using HT before this screening visit had completed a 3-month period off HT by the time of reporting on current symptoms. Mild symptoms were those that did not interfere with usual activities, moderate symptoms interfered somewhat with usual activities, and severe symptoms were so bothersome that usual activities could not be performed. Women with any mild, moderate, or severe hot flashes were considered to have VMS presence at baseline.
Secondary exploratory analyses relied on historical VMS and menopause data reported by participants at the second baseline screening visit. Separately from the report of VMS presence and severity, women were asked whether they had ever had menopausal symptoms such as hot flashes and/or night sweats. If they had, they reported their age when they first started having symptoms, as well as their age at last symptom, or current age if still having symptoms. Age at menopause was determined using methods previously published, 15 using the age at which a women last had any menstrual bleeding, had a bilateral oophorectomy, or began using HT. For women with a prior hysterectomy without bilateral oophorectomy, age at menopause was defined as the age at HT initiation or the onset of menopausal symptoms. Therefore, women with a prior hysterectomy but no bilateral oophorectomy were excluded from analyses in which menopause status at VMS onset was the exposure of interest (n ¼ 501).
In secondary analyses, menopause status at VMS onset was determined by comparing age at menopause with age at VMS onset and women were thus classified into three categories: as having experienced VMS onset (1) before age at menopause (in pre/perimenopause), (2) within the same year as the age at menopause (year of menopause), or (3) after the age at menopause (postmenopause). VMS duration at the time of VASOMOTOR SYMPTOMS AND HEMOSTATIC PARAMETERS WHI baseline was determined by subtracting age at first VMS from age at last VMS, or, age at WHI baseline if VMS were present at baseline or if no VMS end date was reported. Of note, the full VMS duration for women still having VMS at WHI baseline is truncated.
Hemostatic parameter measures
Blood specimens were collected from all participants at baseline, before the collection of baseline VMS information for 1,608 women (mean ¼ 38.5 d prior; range ¼ 1-238 d), after the collection of VMS information for 62 women (mean ¼ 45.1 d after; range ¼ 1-256 d), and on the same day as the collection of VMS information for 478 women. Eligible women who had used HT previously had not used HT for at least 3 months before the date of blood specimen collection. Blood samples were collected into tubes containing 1.8% sodium citrate, centrifuged at 1,300 g for 10 minutes at 48C within 2 hours, and stored at À708C. 16 Batches used for hemostatic parameter assays included both case and control subjects. 16 Based on the strength of the published evidence for the association of exogenous HT with factor levels, available hemostatic parameters were divided into two groups a priori (Table 1) : a group of primary interest (group 1) and a group of secondary interest (group 2). [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] The hemostatic parameters of primary interest were antithrombin, fibrin D-dimer (Ddimer), normalized activated protein C sensitivity ratio (nAPCsr), plasminogen activator inhibitor-1 (PAI-1) antigen, protein C antigen, protein S antigen (free and total), tissue factor pathway inhibitor (TFPI) (free and total), and three parameters of thrombin generation (TG): TG lag-time, the peak thrombin concentration, and the individual's endogenous thrombin potential (ETP The hemostatic parameter assays have been described in prior WHI publications and will be summarized in brief. 16, 29 After a storage time ranging from 8 to 13 years, the measurement of the three parameters of TG without added APC and of the ETP-based nAPCsr was completed at the Department of Biochemistry at the University of Maastricht, the Netherlands. The nAPCsr is defined as the ratio of the ETPs determined without and with added APC, normalized against normal plasma. 16, 30 Total and free TFPI antigen were assayed after a sample storage time of 8 to 13 years using the Asserochrom enzyme-linked immunosorbent assay (Diagnostica Stago, http://www.stago-us.com) at the Department of Hematology, Oslo University Hospital, Oslo. All other hemostatic parameters were measured after a storage time ranging from 3 to 8.5 years. Fibrinogen, FVIIIc, vWF, antithrombin, D-dimer, PAI-1, PAP, prothrombin, F1.2, Protein C, free and total S, and TAFI were measured by the Laboratory for Clinical Biochemistry Research, University of Vermont. Fibrinogen was measured via a clot-rate assay using a STA-R instrument (Diagnostica Stago), FVIIIc by measuring the clotting time after mixing with FVIII-depleted plasma using STA-Deficient VIII (Diagnostica Stago), vWF, 
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antithrombin, and D-dimer by immunoturbidometric or colorimetric assays using a STA-R instrument (Liatest von Willebrand factor, Liatest D-di, Stachrom antithrombin, Diagnostica Stago), PAI-1, PAP, and prothrombin by inhouse immunoassays, 31 prothrombin fragment 1.2 by ELISA (Dade-Behring), protein C, and free and total protein S by Asserachrom ELISA (Diagnostica Stago), and TAFI by immunoassay with antibodies from Affinity Biologicals.
Covariates
Baseline demographic, medical history, and lifestyle covariates were collected at baseline screening visits.
12 Selfreported current age, race/ethnicity, age at last menstrual bleeding, prior hysterectomy, education level, smoking status, and physical activity were collected using standardized questionnaires. Participants also self-reported medical history characteristics including prevalent MI, prevalent stroke, prevalent VT, history of DVT or PE among family members, history of treated diabetes, high cholesterol requiring treatment, and physician-diagnosed hypertension. Weight and height were measured at the initial screening visit and were used to calculate body mass index (BMI) in kg/m 2 . At the initial telephone eligibility screening interview at baseline, participants reported current use of estrogen and progestogen in the form of pills, skin patches, implants, creams, suppositories, shots, and birth control pills (excluding birth control pills used before age 50). Current use of opposed and unopposed estrogen in the form of pills and patches was also reported at the first in-person screening visit at baseline. We considered women to be current users of HT at baseline if any HT use was reported on either of these two baseline questionnaires. Because we excluded any women without 3 months of HT washout before blood draw or VMS report, any HT use that eligible women reported referred to use before the 3-month HT washout period.
Statistical analysis
We tabulated demographic and medical history characteristics by VMS presence and severity at baseline. We also reported hemostatic parameter level medians and interquartile ranges by VMS presence and severity.
Using multiple linear regression, we estimated the association of VMS presence with each hemostatic parameter separately, adjusting for matching variables and potential confounders: age (linear), hysterectomy (yes/no), prevalent MI, stroke, and VT at baseline, nested case-control study group (control, MI case, stroke case, venous thromboembolism case, multiple case types), race/ethnicity (categorical), BMI (linear, kg/m 2 ), smoking status (categorical), and current HT use at baseline, which was at least 3 months before blood specimen collection and VMS report (yes/no). In multiple linear regression analyses, missing covariate data were imputed separately for each hemostatic parameter of interest using chained equations, which allows the specification of different analytic models for each variable requiring imputation 32, 33 ; linear regression analytic models were specified to impute missing BMI values (0.3% missing) and multinomial logistic regression models were specified to impute race/ ethnicity (0.2% missing), and smoking status (1.6% missing) using Stata version 14.1 statistical software. 34 Predictors included in the chained equations were VMS presence, hysterectomy, prevalent MI, stroke, and VT, nested case-control study group, current HT use at baseline, and the hemostatic parameter of interest; 10 datasets were imputed.
Linear regression models estimated the adjusted average difference in hemostatic parameters associated with VMS presence (any) compared with absence. We also reported the percent difference in SD units for each hemostatic parameter level associated with VMS presence compared with absence, calculated by dividing the estimated beta by the hemostatic parameter's SD and multiplying by 100. Similar analyses evaluated the association between VMS severity (moderate or severe, compared with mild) and hemostatic parameter levels among women with baseline VMS, and tested for linear trend. Because we were evaluating 12 hemostatic parameters within group 1 in relation to each VMS exposure of interest, and because some hemostatic parameter levels were correlated, we used a P-min procedure to account for multiple comparisons. 35 In three separate sensitivity analyses, we restricted the population to (1) controls from the WHI-HT CVD Biomarker Studies, (2) women not currently using HT at baseline, before VMS report and blood draw, and (3) women who never used HT. An additional sensitivity analysis evaluated differences in hemostatic parameter levels associated with severe versus no VMS and tested for linear trend associated with greater VMS severity than no VMS.
We conducted several secondary analyses. First, we evaluated the presence of interaction between both continuous age and age in 10-year groups at WHI baseline with VMS presence for each of the 12 hemostatic parameters in hypothesis group 1 and evaluated significant interaction using a Bonferroni-adjusted alpha level of 0.0042 (0.05/12 hemostatic parameters in group 1). In addition, among women who reported any history of VMS before or at baseline, secondary analyses evaluated the relation between VMS timing (VMS onset in premenopause, in the same year as menopause, or in postmenopause) and VMS duration (<5, 5-9, 10-14, !15 y) and each hemostatic parameter, separately. We tested for a linear trend in the menopause status at VMS onset and hemostatic parameter relation, and separately, in the VMS duration and hemostatic parameter relation by modeling these exposures using grouped-linear terms. Secondary analyses of VMS duration and menopausal stage at VMS onset used a P-min procedure 35 to account for multiple comparisons. Table 2 shows demographic and health characteristics of eligible WHI-HT CVD Biomarkers Study participants, by VMS presence and severity. At baseline, 67% of eligible participants reported no VMS in the prior 4 weeks (n ¼ 1,430), 22% reported mild (n ¼ 465), 9% reported moderate (n ¼ 199), and 3% reported severe VMS (n ¼ 54). At baseline, VASOMOTOR SYMPTOMS AND HEMOSTATIC PARAMETERS women were 67.2 years of age on average and 43% of women had experienced menopause !20 years earlier. Women with severe VMS were more likely to have experienced VMS <10 years earlier (24%), to be of black race (39%) and to be current smokers (22%) than women with no VMS or less severe VMS. On average, women with severe VMS also had a higher BMI (31.7 kg/m 2 ) than women with no VMS or less severe VMS. Table 3 shows unadjusted medians and interquartile ranges of hemostatic parameter levels by VMS presence and severity.
RESULTS
In adjusted analyses evaluating the association between VMS presence and severity and group 1 hemostatic parameters (Table 4) , there was some suggestion that the presence of any VMS at baseline was associated with lower nAPCsr values than VMS absence (b ¼ À0.34; 95% CI, À0.60 to À0.087; P ¼ 0.009); however, this did not survive correction for multiple comparisons (P ¼ 0.073). There was no evidence of an association between VMS presence or severity and any other group 1 hemostatic parameter levels. In sensitivity analyses (1) restricted to controls, (2) restricted to women who did not currently use HT at baseline, and (3) restricted to women who never used HT, results were similar. In sensitivity analyses that estimated differences in hemostatic parameter levels associated with severe versus no VMS, we did not detect any significant difference; linear tests for trend also suggested no statistically significant trend, after correcting for multiple comparisons. We found no evidence of an association of VMS presence or severity (Table 5 ) with any of the group 2 hemostatic parameter levels.
In secondary analyses that evaluated the interaction between age at WHI baseline and VMS presence for each of the 12 hemostatic parameters in group 1, there was some suggestion that the association between VMS presence and TG ETP levels may differ by continuous age (P value for 
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interaction ¼ 0.034); however, this association did not remain statistically significant after correcting for multiple comparisons, using the Bonferroni-adjusted alpha level of 0.0042. For other hemostatic parameter levels, we found no significant evidence of an interaction between VMS presence and continuous age or age in 10-year groups at WHI baseline. In secondary analyses among women who ever had VMS, there were no associations between any of the hemostatic parameters with menopause status at VMS onset (Table 1 , Supplemental Digital Content 1, http://links.lww.com/ MENO/A197). There was also no evidence of an association between linear VMS duration and any hemostatic parameter, other than some suggestion of a linear trend between longer VMS duration and higher PAI-1 antigen levels (P ¼ 0.024), which was nonsignificant after adjusting for multiple comparisons (P ¼ 0.21) ( Table 2 , Supplemental Digital Content 1, http://links.lww.com/MENO/A197).
DISCUSSION
In this cross-sectional analysis among postmenopausal women not currently using HT, there was minimal evidence of an association between VMS presence, severity, duration, or timing and measures of hemostasis. These data are not supportive of the hypothesis that VMS is a marker of a more thrombotic profile among postmenopausal women.
VMS and hemostasis
The lack of an association between VMS presence and hemostatic parameter levels observed here contrasts with results of a longitudinal study of pre-and perimenopausal women. In Study of Women's Health Across the Nation (SWAN), participants aged 42 to 52 years at baseline (n ¼ 3,199), more frequent hot flashes were associated with higher FVIIc and tPA-ag levels, which is suggestive of an association between greater VMS frequency and a more thrombotic hemostatic profile. 4 In this same study, PAI-1 and fibrinogen were also positively associated with more frequent VMS, but not after adjustment for confounders. Measures of tPA-ag and FVIIc were unavailable in the WHI-HT CVD Biomarkers Study for evaluation in relation to VMS.
Several differences between the WHI-HT and SWAN study populations may explain why the SWAN study identified a VMS-hemostatic parameter association and our WHI-HT analysis identified minimal evidence of such an association. The SWAN analysis evaluated associations between VMS and hemostatic parameters longitudinally across eight study visits over 8 years, among women with an average age of 46 years at cohort entry. 4 At each study visit, women reported VMS frequency in the 2 weeks prior. The average age of SWAN participants at cohort entry is over 20 years younger than that of women included in this WHI-HT analysis (mean ¼ 67 y). Also, 54% of SWAN participants were premenopausal and 46% were early perimenopausal, in contrast to the predominantly late postmenopausal population included in this WHI-HT analysis. Therefore, VMS reported in SWAN were occurring in the context of the menopausal transition but in WHI-HT were occurring in postmenopause, among women for whom the transition into postmenopause occurred !20 years prior in 43% of participants. It has been previously proposed that VMS occurring during the menopausal transition and in postmenopause may be symptoms of different underlying physiologic processes, 6 with this hypothesis partially stemming from differential responses of VMS to HT treatment dependent on menopause status. 36 In a WHI Observational Study analysis of the relation between VMS and cardiovascular events, the timing of VMS onset seemed to be important, with perimenopausal VMS associated with a lower risk of stroke, total CVD events, and all-cause mortality, but postmenopausal VMS associated with a greater risk of CHD and all-cause mortality. 6 Differences in the etiology of VMS by menopause status are, however, poorly understood. Secondary analyses in our study found no compelling evidence of interaction between age at WHI baseline and VMS presence in relation to hemostatic parameters in hypothesis tier 1, but our study's sample size likely limited our ability to detect significant interaction.
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Biologic plausibility
Whether VMS are associated with cardiovascular biomarkers and events is controversial, 37 with some studies suggesting positive associations between VMS and biomarkers associated with greater cardiovascular risk, 3, 5, 38, 39 and others suggesting an association between VMS and markers associated with less cardiovascular risk. 40 One proposed biologic pathway potentially linking VMS to hemostatic parameters is via endothelial dysfunction, as measured by flow-mediated dilation.
5,41 VMS severity among women aged 45 to 58 years 5 and among early postmenopausal women aged 42 to 55 years 41 has been associated with impaired flow-mediated dilation. 5, 41 Given that activated endothelial cells may express tissue factor, the extrinsic pathway of the coagulation cascade is activated by the exposure of tissue factor, and by the interaction of tissue factor with activated factor VII, endothelial dysfunction has the potential to impact coagulation. 42, 43 The results of our analysis were, however, not supportive of an association of VMS presence or severity with a hemostatic profile in postmenopausal women, even when evaluating endothelial cell-related biomarkers such as TFPI and vWF. 44, 45 Strengths and limitations A limitation of this cross-sectional study is that the temporality and directionality of the association between VMS and hemostatic parameter levels cannot be determined. In addition, although we adjusted regression analyses for known potential confounders, the possibility of residual confounding by unidentified confounders remains. Samples were stored before the measurement of hemostatic factors. A study of hemostatic parameter measurement stability over time, however, suggested little evidence of measurement degradation or inflation after storage. 5 Furthermore, any possible changes in hemostatic parameter levels measured in samples over time should not be differential by VMS presence or severity.
Our study evaluated a large number of hemostatic parameters in relation to VMS, which increases our possibility of type I error. To increase the threshold for statistical significance due to multiple comparisons, we, however, used a multiple comparisons-corrected P value estimated using a Pmin procedure and divided hemostatic parameters into two groups a priori. Given the biologic relationships between our hemostatic parameter exposures of interest, the multiple comparisons-adjusted P-min may be overly conservative.
This analysis was conducted using a subset of WHI-HT participants for whom hemostatic parameter levels were already measured within the scope of a nested case-control study of CHD, stroke, and VT. We also conducted sensitivity analyses restricted to controls from the WHI-HT CVD Biomarkers study and results were similar to those conducted among the population including both cases and controls from the nested case-control study. The distribution of VMS severity in our study population is unlikely representative of the general US population of postmenopausal women, however, because the WHI-HT trials excluded women unwilling to discontinue HT use and who reported severe VMS that would make placebo treatment intolerable. 13 VMS is a self-reported measure, which can be seen as both a weakness and strength. Although self-reported VMS are minimally invasive to collect and can be reported in-clinic, self-reported VMS are dependent on an individual's perception of discomfort. Such misclassification of ''true'' VMS is, however, likely to be nondifferential, which typically biases effect estimates toward the null. VMS presence and severity in the 4 weeks before the second baseline screening visit is unlikely to be impacted by substantial recall bias, due to the recency of the symptoms reported. In contrast, exposures of interest in secondary analyses, VMS duration and menopausal stage at VMS onset, were created using a retrospectively reported measure of age at VMS onset, which is susceptible to recall bias if women do not remember the age at which VMS began. Owing to this potential for recall bias, these are secondary analyses and results should be interpreted cautiously.
HT use at baseline, but at least 3 months before the reporting of VMS and to the collection of blood specimens, should not have impacted reports of VMS presence and severity. To address the possibility that the cessation of HT that occurred as part of this washout may have impacted reports of VMS presence and severity as well as hemostatic factor levels, due to an instability in hormone levels, we conducted a sensitivity analysis restricted to women who reported no current HT use at WHI baseline and results were similar. Secondary analyses of VMS duration and menopausal stage at VMS onset may have been impacted by HT use before baseline, however. Past HT use may have suppressed the onset of VMS symptoms or may have spurred the cessation of VMS, thereby delaying the reported age at first VMS or hurrying the age at last VMS from what it may have been without HT use before baseline.
Strengths of this study include the inclusion of more than 2,000 women with measured hemostatic parameter levels and the measurement and adjustment for important confounders related to both VMS and hemostatic parameter levels. In addition, although VMS data in our study was cross-sectional, primary analyses used VMS presence and severity information from the 4 weeks prior, which is unlikely to be strongly impacted by recall bias. Furthermore, because all women eligible for this study underwent a 3-month HT washout period before their report of VMS if HT had been previously used, women were not using HT at the time of VMS report, which provides VMS information unsuppressed by HT use. Finally, we report novel analyses using measures of hemostasis not previously evaluated in relation to VMS, including global measures such as TG.
CONCLUSIONS
In this cross-sectional analysis, there was no compelling evidence of an association between VMS presence, severity, timing, or duration with hemostatic parameter levels among postmenopausal women. Although results of this study may be limited in generalizability, they may be helpful in guiding hypotheses in future work. Given that VMS have been previously associated with hemostatic parameters among pre-and perimenopausal women, future studies that attempt to characterize potential differences and similarities in the etiology of VMS by menopausal stage and age would improve our understanding of VMS across the menopausal transition and into postmenopause.
